Abstract: This work describes the physicochemical characterization of the genome and telomere structure from the nematode Oscheius tipulae CEW1. Oscheius tipulae is a free-living nematode belonging to the family Rhabditidae and has been used as a model system for comparative genetic studies. A new protocol that combines fluorescent detection of double-stranded DNA and S1 nuclease was used to determine the genome size of O. tipulae as 100.8 Mb (approximately 0.1 pg DNA/haploid nucleus). The genome of this nematode is made up of 83.4% unique copy sequences, 9.4% intermediate repetitive sequences, and 7.2% highly repetitive sequences, suggesting that its structure is similar to those of other nematodes of the genus Caenorhabditis. We also showed that O. tipulae has the same telomere repeats already found in Caenorhabditis elegans at the ends and in internal regions of the chromosomes. Using a cassette-ligationmediated PCR protocol we were able to obtain 5 different putative subtelomeric sequences of O. tipulae, which show no similarity to C. elegans or C. briggsae subtelomeric regions. DAPI staining of hermaphrodite gonad cells show that, as detected in C. elegans and other rhabditids, O. tipulae have a haploid complement of 6 chromosomes.
Introduction
Nematodes comprise 100 000 to 1 000 000 species that inhabit a wide range of ecological niches showing free-living or parasitic lifestyles (Lambshead 1993) . Nevertheless, genome sequences have been completed for 2 species, Caenorhabditis elegans and Caenorhabditis briggsae (TCESC 1998; Steinh et al. 2003) and only 30 different nematodes have been used in a large transcriptome study (Parkinson et al. 2004) . Consequently, there is still a need for genome structure studies of other nematode species to have a better idea of how genome evolution occurs within this phylum. Does whole-genome duplication occur in nematodes as has been suggested for vertebrates (Durand 2003) ? Probably not, but there is still not enough data on genome size and structure in the phylum Nematoda to answer this question clearly. In the Rhabditidae family, the genome sizes of 9 species (including C. elegans and C. briggsae) have been determined. Nevertheless, the genome sizes of 7 of those species were only roughly estimated by micro-densitometry (Flemming et al. 2000) and nothing is known about their content of repetitive sequences. Comparative genomics of C. elegans and C. briggsae showed that their difference in genome size of approximately 4 Mbp is mainly due to repetitive DNA (Steinh et al. 2003) .
Kinetic analysis of DNA reassociation is a powerful technique to estimate genome size and complexity (Britten and Kohne 1968; Angerer et al. 1975; Arthur and Straus 1978; Beauchamp et al. 1979; Goldberg 2001 ). The kinetic analysis of DNA reassociation has been used to study the evolution of the genome size between sister fish families Tetraodontidae and Diodontidae (Neafsey and Palumbi 2003) . Recently, a protocol was devised to clone and sequence the different kinetic fractions of plant and animal genomes (Peterson et al. 2002; Wicker et al. 2005 ).
The experimental model used in the present study, Oscheius tipulae, is a free-living nematode that was first isolated by Lam and Webster (1971) and redescribed by Sudhaus (1993) . Early reports of O. tipulae CEW1 as an experimental model referred to it as Dolichorhabditis nsp. (Winter 1992; Félix et al. 2000) . Although an unpublished reference by Carta (cited in Winter et al. 1996) had already suggested that CEW1 was related to O. tipulae, it was Dichtel-Danjoy and Félix (2004) that first referred to CEW1 as Oscheius tipulae, based on previous data obtained by Félix et al. (2000) . Oscheius tipulae is widely distributed geographically, being found in several countries around the globe . It is part of a complex of related species and 3 of them were distinguished by Félix et al. (2000) . It is the only nematode model (Sommer 2005 ) that is also found in the neotropical region, making it an ideal target for evolutionary and phylogeographic studies. CEW1 was also used for a thorough comparative study of vulva development in rhabditid nematodes (Dichtel et al. 2001; Louvet-Vallée et al. 2003; Dichtel-Danjoy and Félix 2004) . The polymorphism in the fate of nonvulval lineages of cell blasts P4.p and P8.p shown by several strains of Oscheius tipulae was used to study microevolutionary phenomena (Delattre and Félix 2001) . Molecular studies of O. tipulae DNA sequences have shown that the homologous vitellogenin genes have different codon usage tables and intron structure (Winter et al. 1996) , reflecting the higher G + C content of O. tipulae DNA when compared with C. elegans (Ahn and Winter 2005) . Using SSU rRNA sequences, Blaxter et al. (1998) determined that CEW1 belongs to a genus related to Caenorhabditis. These results were recently confirmed by Kiontke and Fitch (2005) using LSU rRNA and RNA polymerase II. As found in C. elegans and other related nematodes, Oscheius tipulae also has some of its genes arranged in operons (Evans et al. 1997) . On the other hand, O. tipulae genome presents 4 copies of the genes that code for eEF1A translation elongation factor (R.N. Akamine, I. Cien. Biomed., USP, São Paulo, Brazil, personal communication), differing from the Caenorhabditis elegans and C. briggsae genomes where only 2 copies are found (Wormbase 2006 ).
The C 0 t analysis of O. tipulae genome we present here, using a novel protocol based on fluorescent detection of double-stranded DNA (dsDNA), shows that the genome size and proportion of repetitive DNA in O. tipulae is similar to that found in the C. elegans genome. To more clearly understand the genome structure of O. tipulae, we have also characterized the telomeric repeats and some subtelomeric regions of this worm's chromosomes. In this study, we also show that there are 6 chromosomes in the haploid oocytes of O. tipulae, the same number found in several other Rhabditid species (Coghlan 2005) .
Materials and methods

Isolation and preparation of DNA
Mass cultures of C. elegans (Bristol strain, N2) and O. tipulae (strain CEW1) were performed as described by Sulston and Brenner (1974) using E. coli NA22 as a food source, with vigorous aeration. The worms were decanted, washed with S buffer (50 mmol/L potassium phosphate, 100 mmol/L NaCl, pH 6.0) and floated over 30% w/v sucrose as described by Sulston and Hodgkin (1988) . Before DNA extraction, worms from asynchronous cultures were incubated at 22°C in S buffer for 2 h. During this time, the bacteria within the intestine were digested, eliminating possible contamination. Worm genomic DNA was then extracted as described by Sulston and Hodgkin (1988) . Lack of contamination with E. coli DNA was confirmed by PCR, using primers for E. coli rRNA genes. DNA preparations were sheared by sonication or treatment on a French press and fractionated by sucrose gradient (5%-20%) ultracentrifugation (112 700g for 22 h at 4°C in a rotor SW 28, Beckman Coulter, Fullerton, Calif.) to obtain fragments of approximately 500 bp (see supplementary material Fig. S1) 2 . DNA fragment length was determined in 1% w/v agarose-gel electrophoresis using Tris-acetate-EDTA (TAE) buffer (Sambrook et al. 1989) . Collection information on all worm strains is available from the Caenorhabditis Genetics Center (CGC; http://biosci.umn.edu/CGC/CGChomepage.htm).
Preparation of C 0 t points
The temperature of the reassociation reaction was maintained at approximately 25°C below the melting temperature (T m ) for the genomic DNA under analysis ). The T m s of E. coli, C. elegans, and O. tipulae DNA in NaCl (500 mmol/L) were adjusted for the G + C content using the following equation:
where n is the DNA fragment length (Meinkoth and Wahl 1984) . Under our conditions, the temperatures for the reassociation reactions were 65°C for C. elegans and O. tipulae and 70°C for E. coli. Genomic DNA fragments obtained from Escherichia coli HB101, C. elegans, and O. tipulae were dissolved in 500 mmol/L NaCl to a final concentration that varied from 5 µg/mL to 1.7 mg/mL. DNA samples of 30 µL were sealed inside siliconized glass microcapillary tubes with fused ends. For DNA denaturation the sealed capillary tubes were placed in a boiling water bath for 10 min. The samples were then immediately placed in a circulating water bath at the reassociation temperatures indicated above. Each capillary tube was incubated to the desired C 0 t value, as described by Britten et al. (1974) . The reaction was stopped at the desired time points by transferring the capillary immediately to a dry ice -ethanol bath. The DNA samples were diluted in 870 µL of S1 nuclease buffer (30 mmol/L sodium acetate buffer (pH 4.6), 1 mmol/L ZnSO 4 , 50 mmol/L NaCl, 5% v/v glycerol) at 0°C in a 1.5 mL polypropylene tube, digested for 10 min at 37°C with 1 U of nuclease S1 for each 1 µg of total DNA, and were then stored at -20°C until used for dsDNA quantification.
The quantification of dsDNA was performed with the fluorescent dye PicoGreen (Molecular Probes, Invitrogen, Carlsbad, Calif.) according to the manufacturer's instructions. The samples were diluted to adjust the DNA concentration to the range of the standard curve. The digested samples (100 µL) were mixed with 100 µL of PicoGreen solution and transferred to 96-well microplates (FluroNunc TM plate). The fluorescence intensity was measured in a Spectramax 190 (Molecular Devices, Sunnyvale, Calif.) set to an excitation of 480 nm and to 520 nm for emission.
Analysis of DNA reassociation kinetics
Non-linear regression was determined by least-squares analysis implemented in the commercial software Origin TM (v. 4.10; Microcal 1995; Microlcal, Northampton, Mass.) or using the source code described by Pearson et al. (1977) compiled in a personal computer using the LINUX operating system. Both software use the same least-squares analysis algorithm of Levenberg-Marquardt (Marquardt 1963 ). The reassociation constant (k) and the components of the C 0 t curve were determined using the following equation (Britten and Kohne 1968) :
The C 0 t curves were constructed by plotting the proportion of S1 nuclease-sensitive DNA to the total amount of singlestranded DNA (C/C 0 ) against the logarithm of C 0 t for each point. The values of EC 0 t were determined by multiplying the values of C 0 t by the correction factor as described by Britten et al. (1974) . The amount of DNA in the haploid genome in picograms was calculated according to the formula of Doleñel et al. (2003) .
Cloning of subtelomeric regions
The subtelomeric regions of O. tipulae chromosomes were cloned as described by Ashikawa et al. (1994) . For PCR amplification of telomere-associated sequences, we used the telomere primer Telcomp (5′-TAAGCCTAAGCCTAAGCC-TAA-3′) and the cassette primers C1 (5′-GTACATATTGTC-GTTAGAACGCGTAATACGACTCA-3′) and C2 (5′-CGT-TAGAACGCGTAATACGACTCACTATAGGGAGA-3′). The sequence of the Sau3AI cassette used for PCR amplification are those described by Isegawa et al. (1992) : 3A (5′-GTACATATTGTCGTTAGAACGCGTAATACGACTCACT-ATAGGGA-3′) and 3Acomp (3′-CATGTATAACAGCAA-TCTTGCGCATTATGCTGAGTGATATCCCTCTAG-5′).
Samples containing approximately 100 µg of O. tipulae genomic DNA were digested with Sau3AI or BamHI and DNA fragments ranging from 3 to 8 kb were purified using Perfectprep Gel Cleanup (Eppendorf AG, Hamburg, Germany). Ligation was performed by incubating 10 or 20 pmol of Sau3AI cassette, 50 ng of digested genomic DNA and 5 U T4 ligase (Fermentas, Hanover, Md.) at 16°C for 16 h. Reactions were precipitated with ethanol and resuspended in 5 µL of distilled water. An aliquot of 1.5 µL of the ligation product was used as a template for amplification. PCR amplification reactions contained the template, 200 µmol/L dNTP, 2 mmol/L MgSO 4 , 2.5 U Taq Platinum polymerase (Invitrogen), Taq polymerase buffer, and 20 pmol of each oligonucleotide in a final reaction volume of 50 µL. Amplification was carried out for 30 cycles, each consisting of 30 s denaturation at 94°C, 2 min annealing at 55-64°C for annealing, and 3 min extension at 68°C (see supplementary material, Fig. S4) 2 . The amplification products were fractionated by electrophoresis in 1% agarose gel, and agarose strips containing DNA fragments from 3 to 4 kb were cut and the DNA purified. The recovered DNA was ligated to the pCR2.1-TOPO TA cloning vector (Invitrogen). The ligation product was used to transform electrocompetent E. coli DH10B cells by electroporation at 25 kV and 25 µFa and colonies carrying inserts were selected by screening with radiolabeled telomeric primer Telcomp. The DNA sequences of cloned fragments were determined using ABI PRISM Big Dye Terminator version 3.1 cycle sequence (Applied Biosystems, Foster City, Calif.), resolved in an ABI 3100, and analyzed with the software LaserGene 4.0 (DNASTAR, Madison, Wis.).
Karyotyping
Adult hermaphrodite worms were hand dissected with a cut, using a small piece of a razor blade, below the pharynx under a stereomicroscope in 10 µL of S buffer over a gelatincoated glass slide (Miller and Shakes 1995) . The gonads were stretched with a fine quartz capillary (less than 5 µm outer diameter). A siliconized coverslip was placed over the preparation. In preparations where incomplete squash of the gonad was needed, a small amount of 5 µm glass beads was added to the S suffer. The squash was dipped into liquid nitrogen for a few seconds and the coverslip was rapidly removed with a dissecting scalpel blade. The slide containing the frozen sample was then maintained in methanol at -20°C for at least 30 min. The fixed samples were air dried and then stained with DAPI (20 ng/mL in water) for 5 min. After a brief destaining in high-purity water and drying at room temperature, the slides were mounted with Slow Fade (Molecular Probes/Invitrogen) and observed through a Zeiss Axiophot fluorescence microscope. Photographs were taken with a Hamamatsu chilled CCD camera (model C5985-02; Hamamatsu Co., Hamamatsu, Japan) and manipulated using Metamorph ® Imaging System version 3.0 for Microsoft Windows ® (Universal Imaging Corporation, West Chester, Pa.).
Results
C 0 t curves components
The experimental results of the C 0 t curves were computer analyzed as described in Materials and methods.
Reassociation kinetics were analyzed using the equation described by Britten and Kohne (1968) for a second-order reaction and not that of Smith et al. (1975) (see supplementary material) 2 . Figure 1A shows the complete C 0 t curve of O. tipulae and the standard C 0 t curve of E. coli plotted by the least-squares method using Origin ® . The proportion of foldback DNA was approximately 11% for E. coli and C. elegans C 0 t curves and 7.4% for O. tipulae (Fig. 1) , suggesting that the range of 7%-11% of total DNA represents the undetectable fraction under our experimental conditions. The O. tipulae rapid component of the C 0 t curve contains approximately 16.6% of the genome and exhibits 50% reassociation in a C 0 t value of 4.23 mol·L -1 ·s (Table 1 ). The slow component contains approximately 83.4% of the genome and has a C 0 t 1/2 of 65.15 mol·L -1 ·s (Table 1 ). The reassociation constant (k) of a component is the inverse of its C 0 t 1/2 and thus the rapid and slow components have reassociation constants of approximately 0.24 and 0.02 mol -1 ·L·s -1 , respectively. Our data show that, although the amount of repetitive DNA in the rapid fraction of C. elegans and O. tipulae are the same, they differ in structure (see Table 1 ). Although C. elegans repetitive DNA is composed of approximately 339 copies of sequences with complexities of 49.9 kb, O. tipulae repetitive DNA fraction is composed of 3 copies of sequences with complexities of 5.46 Mb. When multiplied, these values account for thẽ 17% of repetitive DNA found for both species.
Genome size
Using the reassociation constant value the C. elegans genome size was determined to be 98.4 Mb (Table 1) , which is of the same order of magnitude of the size determined by sequencing (100.25 Mb; Spieth and Lawson 2006). The genome size of O. tipulae was estimated using the following formula: where N E is the E. coli genome size (Blattner et al. 1997) , k E is the reassociation constant of E. coli DNA determined un- 
, in which A and B were used as initial parameters for the program iterations. The fraction of foldback DNA was determined as 11% for E. coli, 10.6% for C. elegans, and 7.4% for O. tipulae. EC 0 t is the value of corrected C 0 t using the correction factor for the NaCl concentration ). (B) C 0 t curves of E. coli and C. elegans DNA created as above. Filled circles correspond to O. tipulae experimental points in (A) and to C. elegans in (B); empty triangles correspond to E. coli experimental points in both (A) and (B).
der our experimental conditions, k O is the reassociation constant of the slow component of O. tipulae, and P is the percentage of slow component. The size determined under our experimental conditions for the C. elegans genome (see Table 1 ) deviates by only 2% from the published values obtained by genome sequencing of this organism (Spieth and Lawson 2006) . Considering that our C. elegans C 0 t curve has fewer experimental points (Fig. 1B) 
The highly repetitive and moderately repetitive fractions
The rapid component of C. elegans is kinetically heterogeneous, containing more than 2 families of repetitive DNA (Sulston and Brenner 1974) . We then tested whether the rapid component of O. tipulae was also heterogeneous in our kinetic assay. The rapid component of O. tipulae genomic DNA consists of at least 2 fractions with different reassociation rates (Fig. 2) , representing highly repetitive DNA and moderately repetitive DNA. The highly repetitive and the moderately repetitive fractions comprise 7.2% and 9.4%, respectively, of the total genomic DNA, calculated from Fig. 2 (see supplemental material) 2 . Fixing the parameters corresponding to the proportion of each repetitive fraction and assuming 3 kinetic components (highly repetitive, moderately repetitive, and unique sequences), we were able to determine the analytic constants as 5481 mol -1 ·L·s -1 for the highly repetitive and approximately 0.60 mol -1 ·L·s -1 for the moderately repetitive fractions (Table 2) . We can thus conclude that the highly repetitive fraction of the O. tipulae genome has a size of approximately 200 bp with a frequency of 3 × 10 4 copies per haploid genome of 100.8 Mb.
Characterization of telomeric DNA As described by Wicky et al. (1996) , the oligonucleotide (TTAGGC) 27 was used as a hybridization probe for O. tipulae genomic DNA in Southern blots (see supplementary material, Fig. S3) 2 . The results suggest that O. tipulae possesses the telomere repeat TTAGGC in internal chromosome regions, as well as at the end of the chromosomes, as previously shown for A. suum and C. elegans (Müller et al. 1991; Wicky et al. 1996) . The function and origin of the telomeric repetition of the internal region is not known. However, it was shown that in C. elegans, the telomeric repetition was principally located in the chromosome arms and it was suggested that this could increase the recombination frequency in this region (Barnes et al. 1995; TCESC 1998) .
Through cassette-ligation-mediated PCR protocol, which was used to clone and map Oryza sativa chromosome ends (Ashikawa et al. 1994) , we obtained 5 putative subtelomeric clones of O. tipulae. In the first cloning trial, after analyzing 82 white colonies, we obtained 2 clones with putative subtelomeric regions, oTel3S and oTel71S (Fig. 3) . Telomeric clone oTel71S has 15 repetitions of TTAGGC besides the 3 repetitions originated from oligonucleotide Telcomp. Ashikawa et al. (1994) could not obtain clones with insertions larger than 200 bp and they did not contain the telomere repeat sequences at their distal ends, besides the telomere primer. To obtain larger insertions, we used BamHI digestions that generate fragments with cohesive ends compatible with Sau3AI. Through this strategy we obtained 3 recombinant clones, oTel8B, oTel14B, and oTel15B, which contained the primer Telcomp and cassette primer C1 flanking the inserts. Insertions in these clones are larger than 500 bp. These clones were sequenced and none of them showed any similarity to each other, nor to DNA sequences present in the databases at Genebank and WormBase. Analyzing the putative subtelomeric sequences in a dot plot program (Dotter, available from http://www.cgr.ki.se/cgb/ groups/sonnhammer/Dotter.html) we found no tandem repetitions, but we did find an inverted repetition (AAGAAC-GTT) in oTel3s (Fig. 3) .
Oscheius tipulae karyotype
DAPI staining of O. tipulae whole-gonad preparations showed that the distal arm has a large number of dividing nuclei (Fig. 4A) . The proximal arm has a lower number of nuclei. Some of them are in the meiotic prophase and show distinctive chromosomes that can be individually counted (Figs. 4B-4F ). The haploid chromosome number of O. tipulae has thus been determined as 6, as has already been shown for other rhabditid nematodes.
Discussion
DNA reassociation kinetics assay using S1 nuclease and PicoGreen was used to determine genome size, structure, and complexity as an initial approach to study the genome structure of the model organism O. tipulae. This new approach is an accurate and reproducible alternative for characterizing nuclear DNA organization in advance of a genome-sequencing project. Since the 1970s, kinetic analysis of DNA reassociation has been established using 2 main methods to separate dsDNA and ssDNA: HAP (hydroxyapatite) chromatography and resistance to S1 nuclease . Although treatment with S1 nuclease could reduce the quantity of detected dsDNA, the quantity of dsDNA in HAP chromatography is usually overestimated because of partial duplex molecules or mismatched DNA. These partial dsDNA molecules are eluted together with dsDNA in HAP assays. As was shown in the deuterostomes and C. elegans, the repetitive sequences of eukaryotic genome is intercalated with non-repetitive sequences TCESC 1998; Hedges and Batzer 2005) and from this pattern the partial duplexes can originate. Therefore, C 0 t curves constructed after digestion with nuclease S1 have higher C 0 t values than that obtained with the HAP assay (Smith et al. 1975) . Nevertheless, the quantification method does not affect the determination of the reassociation constant (k) if the standard DNAs are similarly treated and adequate equations are used to fit the experimental data.
To detect dsDNA in our assays we used PicoGreen, a recently developed unsymmetrical cyanine monomer dye, with no preference for AT-or GC-rich molecules (Singer et al. 1997) . PicoGreen has the important advantage of detecting dsDNA almost exclusively in a mixture containing the same concentrations of ssDNA and RNA, with no more than 10% interference, as well as a sensitivity approximately 400-fold greater than bisbenzimide (Singer et al. 1997 ).
In the assays described here, the experimental data converged better when a second order equation was used (Britten and Kohne 1968) , using either Pearson's program or Origin ® . This behavior shows that our reassociation assays follow second order kinetics (Britten and Kohne 1968) rather than the model proposed by Smith et al. (1975) for S1 nuclease treated samples. Only 1 or 1.5 U S1 nuclease was used for each microgram of total DNA in the samples, which is much less enzyme than the amount used in other studies (Neafsey and Palumbi 2003) . It is possible that the conditions in the present study allowed us to measure the kinetic reassociation with more precision, reducing the possible nick endonuclease activity of S1 nuclease on dsDNA ) and avoiding the overestimation of dsDNA in the HAP assay. Even if some ssDNA remains after digestion with S1 nuclease it will not significantly affect the PicoGreen quantification owing to its high specificity in dsDNA detection.
Most nematodes, including those belonging to the order Rhabditida, have genomes ranging from 50 to 250 Mb (Leroy et al. 2003) ; however, the variation in genome size could be even larger because sizes have only been estimated for approximately 50 species (Gregory 2005 , Animal Genome Size Database). We determined the O. tipulae genome size as 100.8 Mb, which is in the range of genome sizes of other species of Oscheius, as estimated by Flemming et al. (2000) .
There are many factors that could be responsible for the determination of genome size during evolution. There is some evidence showing the relationship between genome size and organism cell number or polyploidization degree, resting metabolic rate, or the rRNA gene copy number (Flemming et al. 2000; Gregory 2003; Prokopowich et al. 2003) . In nematodes, for example, it was suggested that the genome of the entomopathogenic nematode Heterohabditis bacteriophora (half the size of C. elegans genome) might maintain its small size owing to the need for rapid cell division during multiplication inside the insect host (Grenier et al. 1997) .
Comparing the genomes of closely related nematodes, we observe that the amount of repetitive DNA seems to be the determinant factor for genome size (Stein et al. 2003 ). The amount of repetitive DNA in C. briggsae genome is 22.4% -almost twice that found in the C. elegans genome -corresponding to approximately 4 Mb. Steinh et al. (2003) suggested that these repetitive sequences are insertions or proliferation of repeated families in the C. briggsae genome, or deletions of repetitive DNA from C. elegans. The O. tipulae genome has 9.4% moderately repetitive DNA and 7.2% highly repetitive DNA. Although O. tipulae has the same amount of repetitive DNA as C. elegans (about 17%), we observed that it has a slightly higher proportion of highly repetitive DNA than C. elegans. To map the differences in the organization of repetitive DNA fractions, better physical mapping using repetitive DNA as a probe should be performed in the future.
We obtained 5 putative subtelomeric recombinant clones of O. tipulae containing insertions varying from 160 to 630 bp. Although C. elegans sequences 600 bp downstream from the telomere repetitions (WormBase 2006) have a mean G + C content of 35.1%, the inserts from clones of putative subtelomeric regions of O. tipulae have a mean G + C content of 44.1% (see supplementary material, Table S2) 2 . These base compositions reflect the whole-genome base composition of C. elegans (35.4% G + C; Stein et al. 2003) and O. tipulae (41.9% G + C; Ahn and Winter 2005) . These clones could probably be used as specific probes for some of the chromosome ends of O. tipulae, because C. elegans subtelomeric sequences have no similarity among them (Wicky et al. 1996) .
The karyotypes of approximately 300 nematode species have been studied, but nematodes display a lot of karyotypic variation (Špakulová and Casanova 2004) . Nevertheless, most rhabditines have a haploid complement of 5-6 chromosomes (Blaxter 2000; Coghlan 2005) . It was suggested that there is some selection mechanism for a stable chromosome number in the rhabditines because C. elegans and C. briggsae both have the same haploid chromosome number (n = 6), although their chromosomes have undergone about 4000 rearrangements since their divergence (Stein et al. 2003) . We also showed that O. tipulae has a haploid complement of 6 chromosomes, thereby reinforcing the idea that the rhabditines are very conservative in terms of karyotype.
